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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the metal mold using the amorphous 

alloy (metallic glass) which has a supercooled-liquid region, and its manufacture method. 

[0002] 

[Description of the Prior Art] The metal mold currently used abundantly at plastic molding etc. is manufactured 
by performing surface lapping by the machine or the help, after performing machining of cutting etc., and an 
electron discharge method for the cavity portion which fabricates mold goods conventionally. Moreover, the 
lost wax process is used as the manufacture method of metal mold of performing a master imprint. This lost 
wax process produces a model with a wax, after it packs the molding material which becomes the circumference 
of this model from low melting alloys, by heating, is beginning to pour a wax and is taken as metal mold. 
[0003] 

[Problem(s) to be Solved by the Invention] The metal mold produced by grinding through machining and an 
electron discharge method has required the long time, and is expensive while it needs many processes for the 
manufacture. For this reason, it has the problem inapplicable to limited production with a wide variety. 
[0004] On the other hand, in the metal mold which performs a master imprint, in order to use low melting 
alloys, intensity and thermal resistance are small, and moreover, since precision is low, the applicable range is 
limited, this invention is made in consideration of such a situation, and aims at offering the metal mold of high 
degree of accuracy and high intensity. Moreover, this invention aims at offering the manufacture method that 
this metal mold can be manufactured simple. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, metal mold of a claim 1 is 
characterized by forming apart or all of a cavity portion of the amorphous alloy which has a supercooled-liquid 
region at least 

[0006] With this metal mold, a part or all of a cavity portion is formed by the metallic glass which is the 
amorphous alloy which has a supercooled-liquid region. By being heated to a supercooled-liquid region, a 
metallic glass will be in the state of having the viscosity of about 108-1010 Pa-s, and plastic deformation is 
possible for it by the low voltage force about number MPa. therefore, the thing for which the metallic glass 
which manufactured the master member of a desired configuration and was heated to the supercooled-liquid 
region is pressed to this master member - a big pressure - not needing ~ a master ~ since the configuration of 
a member is imprinted with high precision, it becomes highly precise metal mold Since a metallic glass is an 
amorphous alloy, a value with very big tensile strength and degree of hardness is shown. For this reason, the 
cavity section which consists of a metallic glass has the outstanding endurance. Thus, the metal mold of a claim 
1 has the height of imprint precision and the strong size which are the property of a metallic glass into the 
portion containing the cavity section which is the maximum important portion. 

[0007] Invention of a claim 2 is invention of a claim 1, and is characterized by forming a part of cavity portion 
with the alloy which crystallized the amorphous alloy at least. 

[0008] In this invention, it forms with the alloy which crystallized some metal mold. Other portions consist of 
metallic glasses like a claim 1 . This metal mold corresponds the endurance in a metallic-glass portion, and the 
crystallized alloy portion corresponds to machinability. A metallic glass needs a tool with machining special 
like a diamond tool, while intensity is size. On the other hand, when machining, a special tool is not required, 
but it becomes easy to machine the crystallized alloy portion. 

[0009] In this case, it is the same as that of a claim 1, and manufacture is easy at the point that some metal mold 
which consists of crystallized alloys is manufactured through a supercooled-liquid region. In the crystallized 
alloy portion, it differs in that heat a metallic glass more than a supercooled-liquid region, or a metallic glass is 



held to the temperature of a supercooled-liquid region for a long time. 

[0010] In these claims 1 or invention of 2, it is desirable to use the metallic glass of the supercooled-liquid 
region whose temperature width of face is 30 degrees C or more. By using a metallic glass, intensity is size and 
it can consider as metal mold with a sufficient configuration precision. However, when heating and fabricating a 
metallic glass to a supercooled-liquid region, a highly precise temperature control is required. That is, in early 
stages of heating from a room temperature, when approaching a supercooled-liquid region, even if a heating rate 
falls, about about 30-degree C heating rate is required [ about about 100-degree C rapid heating is required and ] 
per minute, per minute. As heating in this case, it is necessary [ it ] by heating the temperature more than the 
target temperature of a supercooled-liquid region as attainment target temperature to heat a metallic glass for 
target temperature as a result. Furthermore, in order to use a metallic glass as metal mold, when bulk material is 
used, the temperature distribution and the bird clapper of temperature which change with parts are not escaped. 
[001 1] It is for preventing that temperature rises and crystallizes partially the temperature control mentioned 
above when a metallic glass is heated to a supercooled-liquid region. Therefore, the temperature width of face 
of a supercooled-liquid region becomes as easy [ a temperature control ] as latus. In this case, when 
manufacturing metal mold from a metallic glass, metal mold with better performing heating, fabrication, and 
cooling within dozens of minutes is obtained. According to this invention person's experimental result, when the 
temperature width of face of a supercooled-liquid region was 30 degrees C or more, good control is possible 
and it became clear that metal mold can be manufactured with high precision. In addition, since metallic-glass 
material 30 degrees C or more has two or more temperature width of face of a supercooled-liquid region, 
selection of material is not difficult. Moreover, although the metallic-glass material which has about about 100- 
degree C supercooled-liquid region is existing as an upper limit of temperature width of face, what is necessary 
is just 30 degrees C or more. 

[0012] As opposed to the block with which the manufacture method of the metal mold invention of a claim 3 
consists of an amorphous alloy heated by the temperature of a supercooled-liquid region The process which is 
pressed and is fabricated in the range which can release a master member with the configuration for forming the 
cavity portion of metal mold at least from mold, It is characterized by having the process at which other blocks 
which consist of a process which crystallizes the amorphous alloy of the aforementioned block, and an 
amorphous alloy heated by the temperature of a supercooled-liquid region to the field of the block with which 
the aforementioned master member is pressed are pressed and stuck. 

[0013] In this method, the metallic glass which constitutes metal mold is divided into two blocks, one block 
(block A) is heated to a supercooled-liquid region, the amount of being buried is controlled, and a master 
member is pressed and fabricated so that an over hang may not arise in consideration of a mold-release 
characteristic in the heated block A. 

[0014] Then, the amorphous alloy of Block A is crystallized. This crystallization can be performed by keeping 
Block A warm 30 minutes or more to elevation or crystallization temperature more than crystallization 
temperature, a master after this crystallization ~ to the field of the block A which other portions have exposed, 
to the temperature of a supercooled-liquid region, a part of member is buried, and it heats and presses, and other 
blocks (block B) which consist of an amorphous alloy are stuck, and are fabricated 

[0015] this method — setting — a master — while Block A is again heated in a supercooled-liquid region in the 
case of the 2nd fabrication, starting a viscous flow, burying a master member too much and being able to 
prevent a bird clapper by crystallizing the block A in which a part of member was made buried as mold release 
is impossible, it can prevent that Block B sticks and joins to Block A The cavity section can be formed by the 
amorphous alloy at least by opening two cooled blocks A and B after the above fabrication, and removing a 
master member from the interior of Blocks A and B. 

[0016] As opposed to the block with which the manufacture method of a claim 4 consists of an amorphous alloy 
heated by the temperature of a supercooled-liquid region The process which is pressed and is fabricated in the 
range which can release a master member with the configuration for forming the cavity portion of metal mold at 
least from mold, It is characterized by having the process which presses and sticks other blocks with which 
glass transition temperature consists of a low-temperature amorphous alloy rather than the glass transition 
temperature of the aforementioned amorphous alloy to the field of the block with which it heats in the 
supercooled-liquid region, and the aforementioned master member is pressed. 

[0017] In this method, although the point which divides into two blocks the metallic glass which constitutes 
metal mold is the same as a claim 3, thereby, two blocks can skip a crystallization process using the metallic 
glass from which a supercooled-liquid region differs and from which 20 degrees C or more of glass transition 
temperature specifically differ, respectively. 

[0018] By this method, first, glass transition temperature heats the block (block C) in an elevated-temperature 
side to the temper ture of supercooled-liquid region, nd presses m ster member to this block C. under the 



present circumstances, the method of a claim 3 - the same - a master - in consi deration of mold re) J« <J» 
member, the amount of being buried is controlled so that an over hang does not arise, and it presses m the range 
which can be released from mold ., 
100191 then, the block (block D) which has glass transition temperature in a low temperature side -- up to a 
upercooleiliquid region - heating - the master of Block C - a part of member » bur,ed, and itis made to 
press and stick to the field which other portions have exposed, and fabricates the viscous flow of Block Cm 
wh cMhe master member was made buried by being more than the glass transition W^° f ^ etalhc 
glass of Block D, and making this heating temperature below into the glass transition temperature of the 
Sue glass of Block C - suppressing - a master - the mold release impotent* of a member and junction 
toweenblocks can be prevented The cavity section of metal mold is formed at least by opening ; tw .cooled 
blocks C and D after fabrication, and removing a master member from the interior of Blocks C and JJ. 
[0020] In addition, the glass transition-temperature difference of the metallic glass of two blocks has good 2 0 
degrees C or more. When Block D is heated more than glass transition temperature a part of eye a difficult 
hatchet and block D serve as temperature near the glass transition temperature of Block C, and making .the 
whole block D into the same temperature completely establishes the above temperature gradients, in order for a 
Dart of block C to prevent starting a viscous flow completely. 

r0021] these manufacture methods - setting - a master - after making the plate for mold release unite wrth the 
mold release position of a member, the metallic glass of the same composition heated from both sides of this 
ptete for mold release to the supercooled-liquid region can be pressed to a master member Even if this uses the 
same metallic glass, the junction between mold release impossible metallurgy group glass of a master can be 
prevented, moreover an overhang is prevented, and it becomes possible to fabricate to a proper mold release 
position Since the block of the two same metallic glasses is simultaneously heated to a supercooled-liquid 
region and it presses and fabricates by this method to a master member, it is possible to shorten the above- 
mSitioned heating and the cycle time of fabrication, and fabrication and the degree of material option become 
large. 
[0022] 

■ {jTSTofoperltion) Ttecross section showing the physical relationship of each part material [ in / the 
gestalt 1 of operation of this invention / in drawing! ] and drawing 2 are me cross sections showing die 
manufacturing process of metal mold. With the gestalt of this operation, Zr55Cu30alummnml0mokel (a 
Subscript shows atomic %) was used as a metallic glass which is the amorphous alloy which has a supercooled- 
S region. Zr55Cu30aluminuml0nickel5 350 degrees C is tensile strength 1 5GPa, hardness HvS 10 and 
coefficient of linear expansion 10x10-6 from ordinary temperature, and it has the general intensity which 
compares mold-steel SUS420J2 and is equal, hardness, and a moderate coefficient of linear expansion. 
FuXmoTe, the glass transition temperature Tg is [ 420 degrees C and the crystallization start temperature Tx 
ofAis metallic gllss ] 500 degrees C, and snpercooled-liquid region **T (=Tx-Tg) has about 80-degree C latus 
temperature requirement. 
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